Correlation between spin-phonon coupling and the magnetoelectric properties of EuMnO 3 and GdMnO 3 were investigated using ceramic samples in this work. The experimental results evidence a stronger spinphonon coupling in GdMnO 3 than in EuMnO 3 , as well as a clear anomaly in the phonon contribution for the dielectric constant. This anomaly is located at the paramagnetic-incommensurate antiferromagnetic phasetransition temperature of GdMnO 3 , corroborating the existence of a magnetoelectric effect in this system. The absence of the magnetoelectric effect in EuMnO 3 is due to the existing disorder revealed in this compound by the striking thermal metastability and the large decrease in the activation energy associated with the dielectric relaxation processes. This kind of behavior has no counterpart in GdMnO 3 . In fact, it has been confirmed that the existence of spin-phonon coupling is not a sufficient condition for the existence of magnetoelectric property, and other mechanisms have to be considered in order to understand the magnetoelectric properties.
I. INTRODUCTION
In the last two decades, the search for materials that may exhibit magnetoelectric effect has drawn a renewed interest due to their great potential in emerging technological applications, as well as in the fundamental questions underlying their interesting physical behavior. 1, 2 It has been stressed, in current literature, the important role played by spin-phonon coupling for the onset of magnetoelectric effect. Although spin-phonon coupling has been observed in a large variety of materials exhibiting ferromagnetic ͑FM͒ and antiferromagnetic ͑AFM͒ orders, as well as in superconducting and magnetoresistive compounds, a magnetoelectric effect has not been observed in many of them. [3] [4] [5] [6] [7] Since the existence of spin-phonon coupling is not a sufficient condition for the existence of magnetoelectric effects, other mechanisms have to be considered in order to understand the coupling between magnetic and electric dipolar orderings.
In this regard, orthorhombic rare-earth manganites, ReMnO 3 , with Re= Nd, Sm, Eu, Gd, Tb, and Dy, are interesting materials for the study of the correlation between spinphonon coupling and the magnetoelectric effect, for they can be switched from nonmagnetoelectric to magnetoelectric by means of the tuning of the Mn 3+ magnetic structure through changes of the rare-earth ionic radius. 8, 9 The boundary, where this switching occurs, is filled by both EuMnO 3 and GdMnO 3 . While the latter compound is magnetoelectric, presenting a magnetically induced polarization, the former is reported to be nonmagnetoelectric [9] [10] [11] [12] even though these materials exhibit similar phase sequences. It is worth to stress that the different physical behavior exhibited by EuMnO 3 and GdMnO 3 stems from the different ionic radius of Eu 3+ and Gd 3+ and diverse electronic configuration of their 4f shells ͑Eu 3+ : 7 F 0 ; Gd 3+ : 8 S 7/2 ͒. In order to gain a better understanding of the mechanisms associated with the peculiar behavior of these compounds, we have carried out a systematic and comparative experimental study of their lattice dynamics, specific heat, dielectric, and magnetic properties. Our aim is to get information about ͑i͒ the relaxational processes involved in these compounds, ͑ii͒ the stability of the low-temperature magnetic phases, and ͑iii͒ the phonon contribution to the dielectric constant and the temperature behavior of the phonon frequencies in order to evaluate their role in regard to the existence of spin-phonon coupling and magnetoelectric effect and, in the case they are mutually dependent, how they are correlated in both EuMnO 3 and GdMnO 3 .
Instead of making use of single crystals, as it is generally the case, we have performed our studies in ceramic samples processed by the sol-gel combustion method. 13 Despite their granular nature, ceramics allow to address the above objec-tives and, furthermore, present the interest of allowing a systematic comparison between the behavior of single crystals and ceramics. Moreover, whenever practical applications are envisaged, ceramics are much more attractive due to their low cost, simpler, and fine-tuned-controlled preparation and versatility.
Let us summarize some of the physical properties of EuMnO 3 and GdMnO 3 . At room temperature, both compounds are paraelectric ͑PE͒ and paramagnetic ͑PM͒ with a distorted perovskite structure of orthorhombic symmetry ͑Pbnm͒. 12, 14 The two compounds undergo a phase transition to an incommensurate antiferromagnetic phase ͑ICAFM͒ at T N Eu ϳ 50 K and at T N Gd ϳ 42 K, with a modulation wave vector directed along the b axis. [10] [11] [12] This modulation corresponds to a collinear arrangement of the Mn 3+ spins, and it is a consequence of competing exchange interactions between successive neighbor spins, which lead to a frustrated magnetic system. Both compounds undergo a further magnetic transition into an A-type antiferromagnetic order ͑T 1 Eu ϳ 43 K and T 1 Gd ϳ 23 K͒. 9, 10, 12, 15 The observed weak ferromagnetism has suggested for both compounds a canted A-type antiferromagnetic ordering ͑cAAFM͒ of the Mn 3+ spins along the c axis for T Ͻ T 1 , but a direct magnetic structure determination has not been published yet. 8, 16 Based on measurements of the thermal expansion and magnetostrictiction of GdMnO 3 along the three crystallographic axes, with applied magnetic field up to 14 T, a detailed study of the ICAFM/cAAFM phase transition was reported. 17 The feature of the phase diagram proposed is the downbending and the strong hysteresis of the ICAFM/cAAFM phase boundary at low magnetic fields, which has been interpreted by assuming a phase coexistence in the low-temperature and low-field range. A long-range order of the Gd magnetic moments has been put forward below T N Gd ϳ 5.1 K.
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The ground state of GdMnO 3 is not ferroelectric ͑FE͒ in the absence of a magnetic field. However, by applying a rather low magnetic field ͑ϳ10 4 Oe͒ parallel to the b axis, a ferroelectric order is induced along the a axis. 14 Contradictory results have been reported for the FE polarization. Kuwahara et al. 18 found a finite polarization below 13 K, while Kimura et al. 10 observed a FE order only between 5 and 8 K, at low magnetic fields. The applied magnetic field seems to stabilize a commensurate magnetic structure below 15 K, with ␦ =1/ 4. 
II. EXPERIMENTAL DETAILS
The phase purity and the crystallographic characterization of the ceramic samples, processed through the sol-gel combustion method, were checked using x-ray powder diffraction and scanning electron microscopy. No secondary phases or significant deviation of the oxygen occupancy from the values expected for stoichiometric ReMnO 3 were observed for both samples. Scanning electron microscopy analysis reveals in both systems a typical ceramic microstructure with regular-shaped crystal grains ranging from 3 up to 10 m in diameter. The mean grain size is about 6 m.
The heat capacity was measured in an ARS Cryocooler, between 8 and 300 K, in a quasiadiabatic fashion by means of an impulse heating technique.
The samples used to perform the dielectric measurements have the form of a regular parallelepiped. Gold electrodes were deposited using the evaporation method. The complex dielectric constant was measured with an HP4284A impedance analyzer, in the 5-300 K temperature range and under an ac electric field of amplitude 1 V/cm for 10 KHz and 1 MHz.
Low-field dc induced specific magnetization measurements were carried out using commercial superconducting quantum interference device ͑SQUID͒ magnetometer in the temperature range 4-300 K.
The unpolarized Raman spectra were obtained with a T64000 Jobin-Yvon triple spectrometer, coupled to a liquidnitrogen-cooled charge coupled device. The excitation line was the 632.8 nm of a He-Ne laser. The incident laser power was about 1 mW in order to avoid the local heating of the sample. Identical conditions were maintained for all scattering experiments. The spectral slit width was about 1.5 cm −1 . The samples were placed in a closed-cycle helium cryostat ͑10-300 K temperature range͒ with a temperature stability better than 0.5 K. The temperature of the sample was estimated to differ by less than 1 K from the temperature reading of a silicon diode attached to the sample holder. The Raman spectra were fitted with a sum of independent damped harmonic oscillators. 20 The unpolarized infrared reflectivity measurements were performed with a Bruker IFS 66 V spectrometer. Roomtemperature pyroelectric detectors of deuterated triglycine sulphate ͑DTGS͒ with polyethylene or KBr windows and Mylar 6 -M8 or KBr beam splitters were used to cover the spectral range 40-4000 cm −1 . The spectral resolution was better than 4 cm −1 . The complex dielectric function has been evaluated from the infrared ͑IR͒ data both by KramersKronig inversion and by fitting the factorized form of the dielectric function. 21 Due to the difficulties raised by the complexity of the spectra and by the many overlapping reflectivity bands, we have imposed the condition of equal damping coefficients for longitudinal and transversal optical modes.
More details of the experimental techniques of the measurements of the dielectric constant, magnetization, Raman scattering, and infrared reflectivity spectra have been described in earlier Refs. 20-23. Figure 1͑a͒ shows the specific heat C p of EuMnO 3 as a function of temperature. Two anomalies are revealed at T N = 50 K and at T 1 = 43 K. These values are in excellent agreement with those reported for the PM/ICAFM and ICAFMcAAFM phase transitions in EuMnO 3 single crystals, respectively. [10] [11] [12] The temperature dependence of the real ͑ r Ј͒ and imaginary ͑ r Љ͒ parts of the dielectric constant measured at several frequencies is shown in Figs. 1͑b͒ and 1͑c͒ . In general, the r Ј ͑T͒ curves agree well with the temperature behavior of the dielectric constant along the a axis ͑ a ͒, reported by Goto et al. 9 The critical temperature of the PM/ICAFM phase transition cannot be directly obtained from the analysis of both r Ј͑T͒ and r Љ͑T͒ curves, as it has also been observed in single crystals. r Ј͑T͒ displays a steep decrease at around T 1 = 43 K followed by a second anomaly, which peaks at TЈ = 23 K. The amplitude of the steep decrease ͑⌬ r Јϳ 0.3͒ is of the same order of magnitude of that observed for single crystals ͑⌬ r Јϳ 0.5͒, and it marks the ICAFM-cAAFM phase transition. Thermal hysteresis in r Ј͑T͒ is detected, corroborating the first-order character of the ICAFM-cAAFM phase transition ͓see inset of Fig. 1͑b͔͒ . r Љ͑T͒ exhibits a broad anomaly, strongly dependent on frequency, and two anomalies at 43 and at 20 K, respectively, which are emphasized in the inset of Fig. 1͑c͒ . The maximum value of the broad feature shifts to lower temperatures as the frequency decreases. Figure 1͑d͒ shows the temperature behavior of the induced molar magnetization measured under an applied dc magnetic field of 50 Oe, in a heating run ͓curve ͑I͔͒ after cooling the sample in zero field. Curves ͑II͒ and ͑III͒ give the induced molar magnetization measured in successive heating ͓curve ͑II͔͒ and cooling runs, respectively. Above 60 K, the magnetization curves converge and follow a Curie-Weiss law, with a Curie temperature of = −88 K. The obtained value of the effective paramagnetic moment is 6.7 B . Curve ͑I͒ and the inset of Fig. 1͑d͒ show the temperature derivative of curves ͑I͒-͑III͒ as a function of the temperature. As the temperature increases from 5 K, the induced molar magnetization ͓curve ͑I͔͒ decreases very slowly, reaching a local minimum at around TЈ = 23 K. On further heating, the induced magnetization slightly increases and reaches a maximum value at 39 K and then suddenly decreases. A sharp peak in the temperature derivative of the magnetization curve at T 1 = 43 K, marks the ICAFM-cAAFM phase transition. A small anomaly is observed at 52 K, associated with the PM-ICAFM phase transition. Regarding curves ͑II͒ and ͑III͒, in spite of a small thermal hysteresis of about 3 K below T 1 ͓visible in the inset of Fig. 1͑d͔͒ , no significant difference is observed on entering or leaving out the lowtemperature magnetic phases with an applied magnetic field. It is interesting to notice that the anomalous behavior in curve ͑I͒ occurring at near TЈ = 23 K is no longer observed in curves ͑II͒ and ͑III͒. The large difference between the saturation values of the induced molar magnetization shown in curve ͑I͒ and curves ͑II͒ and ͑III͒ is typically associated with disorder in the magnetic structure. Our results point out that competitive magnetic interactions of FM and AFM type may give rise to a disorder state in EuMnO 3 . We will return to this issue below.
III. EXPERIMENTAL RESULTS AND DISCUSSION
The anomalies observed at around TЈ = 23 K in both r Ј͑T͒ and r Љ͑T͒, and in the induced magnetization curve ͑I͒ are not shown in the specific heat. This anomaly is an intrinsic feature of EuMnO 3 crystals, and it should not be associated with the granular nature of our samples. In fact, Goto et al. 9 reported a small anomaly at 30 K in the temperature dependence of a measured in single crystals. The absence of any detectable anomaly in the specific heat near TЈ points out that there is no contribution of the phonons to that anomaly. So the mechanism associated with such anomalous behavior in the temperature dependence of both the dielectric constant and induced magnetization should rather arise from a spin reorientation, which slightly reinforces the ferromagnetic component below TЈ, as it can be seen in Fig. 1͑d͒ . Note that we cannot exclude that this anomaly is connected with the onset of a novel nonstructural magnetic phase transition. Further experimental studies are still needed in order to test this possibility.
In the following we will consider the results obtained in GdMnO 3 ceramics. Figure 2͑a͒ shows the specific heat as a function of temperature. A clear -like anomaly is found at T N ϳ 42 K, marking the onset of the ICAFM phase. Furthermore, a monotonous increase in C p with decreasing temperature is observed below 12 K, which is likely associated with the ordering of the Gd 3+ spins. The ICAFM-cAAFM phase transition is seen by a small anomaly in C p ͑T͒ around 17 K, shown in C p / T curve displayed in the inset of Fig. 2͑a͒ . A more detailed analysis of the specific-heat data will be published elsewhere.
The r Ј͑T͒ and r Љ͑T͒ curves, measured at several frequencies, are displayed in Figs. 2͑b͒ and 2͑c͒, respectively. We observe a smooth step decrease in r Ј͑T͒ and a broad anomaly in r Љ͑T͒, over a large temperature range, occurring above 20 K. Between 20 and 100 K, the value of r Ј͑T͒ does not change significantly ͑less than 2%͒ and the magnitude of the step anomaly decreases with decreasing frequency. The maximum value of r Љ͑T͒ is strongly frequency dependent. Another anomaly in both r Ј͑T͒ and r Љ͑T͒ at around T 1 = 14 K is well detected, and a shoulderlike anomaly in r Љ͑T͒ is also visible at T N =42 K ͓see inset of 10 Unlike the case of EuMnO 3 , the r Ј͑T͒ profile in GdMnO 3 does not correspond to any of the dielectric constant curves measured along a specific crystallographic axis of the single crystals. 9 However, the value obtained for r Ј on our ceramic samples agrees rather well with the average value of the dielectric constant along the three crystallographic directions, suggesting that the grains in the studied ceramic are randomly orientated. Figure 2͑d͒ shows the temperature dependence of the induced molar magnetization measured under an applied dc magnetic field of 50 Oe in a heating run ͓curve ͑I͔͒ after cooling the sample under zero field. Curves ͑II͒ and ͑III͒ give the induced molar magnetization measured in successive heating ͓curve ͑II͔͒ and cooling runs, respectively. Above 60 K, the magnetization curves follow a Curie-Weis law, with a Curie temperature of = −34 K, in excellent agreement with the value reported for single crystals. 16 The value of the effective paramagnetic moment is 9.2 B , a value which is higher than the value obtained in EuMnO 3 apparently due to the Gd 3+ spin contribution. As the temperature decreases, the induced magnetization increases. Below ϳ30 K, curve ͑I͒ becomes distinct from curves ͑II͒ and ͑III͒, which aside a very small thermal hysteresis exhibit similar temperature profiles. Curve ͑I͒ exhibit an anomaly around T N Gd ϳ 4.1 K, associated with the ordering of Gd 3+ spins. The magnetic response of this material to the applied magnetic field is dominated by the strong paramagnetism of the Gd 3+ ion, which hinders the direct observation of the anomalies arising from the ordering of the Mn 3+ spins at T 1 = 14 K. Therefore, we have studied the temperature dependence of the temperature derivative of curves ͑I͒-͑III͒. The inset of Fig. 2͑d͒ shows the temperature derivative of the induced molar magnetization measured in the heating runs referred above, and r Ј͑T͒ curves measured at 1 MHz in heating and cooling runs.
At T 1 = 14 K, where the dielectric constant peaks, a small but clear change in the temperature behavior of the derivative of the induced moment is observed, marking the ICAFMcAAFM phase transition. This value is found to be 9 K below the value reported for single crystals.
9,10 These anomalies observed at T 1 actually correspond to the slope change in C p / T signalized by an arrow in the inset of Fig. 3͑a͒ .
The strong frequency dependence of the dielectric constant, also observed in single crystals, suggests the existence of a relaxational process in both systems. In this work, the study of the thermal dependence of the dielectric relaxation was carried out at fixed frequencies. The relaxation behavior in both compounds is better studied by fitting r Љ͑T͒ with a Debye model with a single relaxation time, assuming an Arrhenius law:
where ⌬Ј is the dielectric strength, U is the activation energy associated to the dielectric relaxation process, k B is the Boltzmann constant, and T M is the temperature of the maximum value of r Љ͑T͒. In the fitting procedure, we assume that the main temperature dependence in Eq. ͑1͒ comes from the argument of the hyperbolic function. In fact, as it can be seen in Figs. 1͑b͒ and 2͑b͒ , the values of ⌬Ј may be taken as temperature independent. By the fitting procedure we calculate the value of T M for each frequency. The corresponding relaxation time is the inverse of that frequency. The insets of Figs. 1͑c͒ and 2͑c͒ show examples of the fitting procedure results. Figure 3 shows the relaxation time as a function of the inverse of the temperature for both compounds. A linear relation between ln͑͒ and 1 / T for both T Ͼ T N and T Ͻ T N is observed. For T Ͻ T N , a decrease in slope is observed for both compounds. This decrease is sharper in EuMnO 3 than in GdMnO 3 . The values of the activation energy for T Ͼ T N are 20 and 18 meV for EuMnO 3 and GdMnO 3 , respectively, whereas below T N , we found 18 and 7 meV, pointing to a remarkable decrease in the activation energy for EuMnO 3 at the PM-ICAFM phase transition. No anomalous behavior was detected around T 1 . With regard to the relaxation process observed in both compounds, we would like to point out that the activation energy does change at T N , but its Debye character does not. EuMnO 3 exhibits the largest difference between the activation energy measured above and below T N . So, for T Ͻ T N , the height of the energy barriers in EuMnO 3 becomes smaller than in GdMnO 3 , allowing for a thermal hopping dipolar disorder to emerge in the former compound.
In this regard, their low-temperature magnetic phases are expected to have distinct physical characteristics. The low-temperature magnetic phase transitions in both compounds have been considered to be of first order. 15, 17 In order to investigate the metastability of the low-temperature magnetic phases in both compounds, we have measured the dielectric constant at 600 kHz, using different temperature rates. Figure 4 shows the temperature dependence of the real part of the dielectric constant measured in heating and cooling runs at several temperature rates up to 8 K/min. As we can see, the r Ј͑T͒ curve of EuMnO 3 is strongly dependent on the temperature rate and a large thermal hysteresis manifests in the heating and cooling cycles, in such a way that for a temperature rate of 8 K/min a thermal hysteresis of about 35 K is observed. Although the magnetic phase transitions in GdMnO 3 are also considered to be of first order, such an important thermal hysteresis is no longer observed. This issue cannot be thoroughly explained by just considering the first-order character of the magnetic phase transitions. On the contrary, it has to be understood in the scope of the emerging disorder referred above, where competitive interactions and phase coexistence are expected to play a major role in the low-temperature behavior of EuMnO 3 .
Figures 5͑a͒ and 5͑b͒ show, respectively, the infrared reflectivity spectra of both EuMnO 3 and GdMnO 3 obtained at room temperature and at 20 K in the 40-700 cm −1 spectral range. We first observe that the spectral signature of EuMnO 3 and GdMnO 3 is very similar, which further confirms that both compounds adopt the same crystal structure. For the Pbnm space group of orthorhombic ReMnO 3 , a factor group analysis predicts 9B 1u +7B 2u +9B 3u infrared-active modes and 7A g +7B 1g +5B 2g +5B 3g Raman-active modes. These modes are associated with three phonon bands which correspond to the normal modes of the ideal cubic perovskite: low-frequency external modes ͑ Ͻ 290 cm −1 ͒, bending phonon bands at intermediate range, and high-frequency stretching modes ͑ Ͼ 300 cm −1 ͒. 25 The external modes are due to Re and MnO 6 motion, while the bending and stretching modes are mainly due to oxygen vibrations. In addition, we observe in both compounds a broad and diffuse reflectivity band located within the range of the external modes, near 80 cm −1 . Let us first consider the phonon contribution to the lowfrequency dielectric constant. Because of the complexity of the spectra and the small changes observed, we have independently estimated this contribution from the fitting of the factorized form of the dielectric function to the reflectivity spectra and from the Hilbert transformation of the loss spectra calculated directly from Kramers-Kronig inversion of the reflectivity data. These two separate methods have provided consistent results that are shown in Figs. 5͑c͒ and 5͑d͒. As seen, in both compounds, the low-frequency dielectric constant estimated from the reflectivity data, IR ͑0͒, increases on cooling. A comparison between this function and the dielectric constant measured in the 10 6 Hz frequency range ͓see Figs. 5͑e͒ and 5͑f͔͒ shows that, in the temperature range of the magnetic phase transitions, the low-frequency dielectric response is essentially due to the contribution of the polar phonons. This is consistent with the reduced strength of the relaxations detected in the 10 6 Hz frequency range. Unlike in EuMnO 3 , we observe in GdMnO 3 a small anomaly in IR ͑0͒ near the transition to the modulated magnetic phase ͓see Fig. 5͑d͔͒ , revealing that the incommensurate magnetic ordering affects the polar phonon response for the dielectric constant and hence leading to changes into its polar state. The analysis of the temperature dependence of the vibrational parameters of the different phonon modes shows that the increase in ir ͑0͒ on cooling is essentially driven by the temperature dependence of the broad and diffuse mode observed near 90 cm −1 . Actually, all phonon modes above 100 cm −1 show residual temperature dependences of their dielectric strengths in both compounds. However, in the case of the lower-frequency mode, we observe an important increase in its strength on cooling. As seen in Figs. 5͑c͒ and 5͑d͒, in EuMnO 3 and GdMnO 3 , its strength increases, respectively, from 4 and 3 at room temperature to 7 and 6 at T = 20 K. For GdMnO 3 , we also observe the steepest variation in the strength below T ϳ 50 K, a temperature that correlates with the onset of a modulated spin structure. No anomalous behavior of the oscillator strength of the lower frequency mode in EuMnO 3 is detected.
It is not easy to ascribe the physical origin of the diffuse mode detected below 100 cm −1 . Pimenov et al. 26 reported the observation of an electric dipole active magnon in TbMnO 3 and GdMnO 3 in this frequency range. However, as the diffuse modes persist deeply into the high-temperature paramagnetic phase, we shall rule out this origin.
According to the mechanism proposed by Granado et al., 5 one should expect detectable changes in the phonon frequencies on entering the magnetic phases, reflecting the expected phonon renormalization, proportional to the spin-spin correlation function for the nearest Mn 3+ spins. In the case of PrMnO 3 , NdMnO 3 , and SmMnO 3 , such an effect has been clearly seen by Raman spectroscopy, particularly in the highfrequency stretching vibrations of the oxygen atoms. 27 Surprisingly, it could not be found in the cases of GdMnO 3 and EuMnO 3 . 27 In this class of compounds, the amplitude of the anomalies observed in the temperature dependence of the phonon frequencies at the magnetic ordering temperature is about 1 -3 cm −1 . In order to get information concerning the coupling between spins and polar phonons, we have fitted the factorized form of the dielectric constant to the infrared reflectivity spectra. However, except for the well-resolved lattice mode located at ϳ115 cm −1 ͑room-temperature value͒ in the spectra of GdMnO 3 , the quantitative analysis of the infrared reflectivity spectra does not lead to definite results, preventing us to obtain accurate fit parameters in order to detect such small variations, due to the strong overlap of the reflectivity bands. Figure 6 depicts the wave number and the dielectric strength ͑right inset͒ of the referred polar lattice mode as a function of the temperature. The solid line was obtained from the best fit of the equation:
in the high-temperature range ͑T Ͼ 100 K͒. In Eq. ͑2͒, j is the frequency of the jth optical mode at the temperature T, is the Debye temperature, which is calculated from an average of the overall infrared active phonon frequencies, and j0 is the frequency of the jth mode at 0 K. The left inset of Fig. 6 shows the fit of the factorized form of the dielectric constant to the experimental data, in the relevant frequency range, at 290 and 20 K. The wave number increases as the temperature decreases and starts deviating from the hightemperature behavior at around 100 K. Moreover, its dielectric strength peaks at around T N , suggesting that the onset of the incommensurate magnetic order affects the polar character of the lattice.
In order to figure out further spin-phonon couplings in EuMnO 3 and GdMnO 3 , we have chosen to study the temperature dependence of the Raman bands associated with the MnO 6 symmetric ͑ s ͒ and asymmetric ͑ as ͒ stretching modes, as well as the corresponding bending ͑␦͒ and tilt ͑͒ modes. The referred Raman bands are well resolved in all temperature range studied, from which accurate fit parameters can be obtained. Figure 7 shows the Raman spectra of both EuMnO 3 and GdMnO 3 obtained at 290 and 9 K in the 300-700 cm −1 spectral range, together with a mode assignment of the most intense bands.
The temperature dependence of the Raman frequencies of the above referred normal modes is shown in Fig. 8 . The solid lines in this figure correspond to the expected anharmonic temperature dependence of frequencies. These curves were obtained from the best fit to Eq. ͑2͒.
The mode frequencies increase as the temperature decreases from room temperature down to 100 K, in good agreement with the expected behavior arising from the anharmonic thermal contraction of the lattice. Below 100 K, a deviation from the extrapolated temperature behavior in the paramagnetic phase ͑⌬͒ is well observed for every mode of GdMnO 3 , while for EuMnO 3 this deviation is smaller or even not visible. Among the Raman bands presented in Figs. 8͑e͒-8͑h͒ , the MnO 6 symmetric stretching mode displays the largest deviation. Its maximum value is ϳ1.5 cm −1 , occurring at around 20 K, close to the ICAFMcAAFM phase-transition temperature T 1 = 14 K. The frequency of the bending mode also displays a clear deviation and a change in slope near 30 K, as it can be seen in the inset of Fig. 8͑f͒ . The spin-phonon coupling in magnetic materials has been studied by several authors, and it was shown that the frequency shift of a given phonon mode as a function of the temperature can be described by taking into account the spinspin correlation function: 
where is the renormalized phonon frequency due to a spinphonon coupling at a fixed temperature, o denotes the frequency in the absence of this coupling, and ␥ is the coupling constant. Hence, in the magnetically ordered phase, an additional contribution to the phonon frequency is expected, arising from spin-phonon coupling. In our work, we have found deviations of the frequencies from the anharmonic hightemperature behavior above T N . Such a kind of deviations has been also observed in a large number of other magnetic materials, providing evidence for the existence in these materials of a definite coupling between spins and phonons.
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IV. CONCLUSIONS
In this work we have presented a detailed study of dielectric relaxation processes, stability of the magnetic phases, the phonon dielectric response, and the spin-phonon coupling phenomena in both EuMnO 3 and GdMnO 3 ceramics. Regardless of the granular nature of the samples, our results provide evidence for similar intrinsic behavior of the ceramic samples and single crystals. In fact, there is a good agreement between the phase sequence and the critical temperatures in ceramics reported here and those for single crystals. 9 The magnitude of the dielectric constant and the induced magnetization in our ceramic samples are close to the average of the corresponding values measured in the different crystallographic directions of single crystals. Moreover, the unpolarized Raman spectra obtained in ceramics are the superposition of the spectra observed in different directions of single crystals.
The anomalies in the temperature dependence of the dielectric constant, which signalize the ICAFM-cAAFM phase transitions in EuMnO 3 and GdMnO 3 have different shapes providing clear evidence for a diverse behavior in regard to the coupling between magnetic and electric dipolar interactions. The relaxation time of the dielectric relaxation processes undergoes a distinct variation at the PM-ICAFM phase transition in EuMnO 3 and GdMnO 3 , although smaller for the latter.
The experimental results obtained from the lattice dynamics studies show the existence of a coupling between spins and phonons in both compounds, much more pronounced in GdMnO 3 . The polar phonon dielectric response of GdMnO 3 exhibits a clear anomaly at T N , while in EuMnO 3 no significant variation is observed. Apparently, the increase in the polar character of the phonon response of GdMnO 3 below T N has its origin in the deformation of the lattice, occurring above T N . However, the lattice deformation might be very small as no net electric polarization is observed even by means of very precise pyroelectric measurements. 10 Nevertheless, due to the existing coupling between spins and the lattice, even a rather small magnetic field can give rise to large enough lattice deformations, which will lead to magnetically induced electric polarization, as it has been previously observed in GdMnO 3 . 10 The striking thermal metastability observed in EuMnO 3 by measuring the dielectric constant at different fixed temperature rates, as well as the large difference between the saturation values of induced molar magnetization, obtained under zero and nonzero applied magnetic field, show that the competitive exchange interactions between successive spins neighbors determine a large disorder of both spins and the electric dipolar momenta. This disorder could prevent the coupling between magnetic and electric dipolar orders, giving rise to a small coupling between spins and polar phonons. Therefore, the rising of an electric polarization in EuMnO 3 is not expected even under an applied magnetic field. Our results help to clarify why these two compounds presenting a similar phase sequences and magnetic structures, but very different spin-phonon coupling strength, behave so differently in what concerns the magnetoelectric effect.
